T his study provided a case analysis of the effects of plyometrics on post-activation potentiation (PAP) of 20-m (0-5, 0-10, 0-20 m intervals) sprint performance in strength-trained females. Three college-aged participants performed a one-repetition maximum (1RM) squat, which was used to set the load for a jump squat with 30% 1RM (JS30). Over three sessions, participants performed three PAP protocols: a control condition of 4 min rest (CC); 3 sets x 5 repetitions of the JS30; and 3 sets x 10 repetitions of the alternate leg bound (ALB). Peak and mean power were recorded during the JS30. Participants performed two baseline sprints prior to each condition, and then six sprints from immediately after for 16 min post. Results indicated that the JS30 and ALB could potentiate sprinting, although responses were highly individual. The two more powerful participants experienced more sprint enhancements across more time points than the less powerful participant. Any performance changes were in the range of 1-4%, which is typical of PAP research. It cannot, however, be confirmed whether the JS30 and ALB were superior to the CC. Nonetheless, the data suggest the JS30 and ALB could potentiate sprinting in females. Further research is needed to confirm these findings.
Postactivation potentiation (PAP) is a phenomenon in which muscular performance is enhanced due to their contractile history (Hodgson et al., 2005; Robbins, 2005; Tillin and Bishop, 2009) . This is typically shown by an increase in the rate of force development (Hodgson et al., 2005) . The occurrence of PAP has been linked to the phosphorylation of myosin regulatory light chains that results from the prior muscular contraction, which makes the actin and myosin more sensitive to Ca 2+ , and the increased recruitment of higher order motor units (Hodgson et al., 2005; Robbins, 2005; Tillin and Bishop, 2009) . The most common way in which a coach will attempt to invoke PAP is through the use of complex training, which is where a resistance exercise is performed prior to a power-or velocity-based exercise (Ebben, 2002) . Despite the popularity and range of studies conducted into PAP (Hodgson et al., 2005; Robbins, 2005; Tillin and Bishop, 2009; Wilson et al., 2013) , a limitation of current research is that most have analyzed male populations. There is relatively little research that has analyzed females exclusively (Duthie et al., 2002; Faigenbaum et al., 2006; Pääsuke et al., 2007; Sygulla and Fountaine, 2014; Witmer et al., 2010) . Following a meta-analysis of the literature, Wilson et al. (2013) asserted that there were no real differences between men and women in their PAP response to a particular exercise. Nonetheless, Witmer et al. (2010) stated that from a practical perspective, it is important to note the specific responses of women to PAP interventions. This is particularly true for some of the more recent investigations into PAP, such as the influence of prior activity on sprint performance. Most of the research that has analyzed PAP effects on sprinting speed have used strength exercises in studies involving males. For example, performing the back squat, power clean or deadlift, with loads of between 70-91% of one-repetition maximum (1RM), has been found to both potentiate (Bevan et al., 2010; Chatzopoulos et al., 2007; McBride et al., 2005; Rahimi, 2007; Yetter and Moir, 2008) or have no effect (Crewther et al., 2011; Guggenheimer et al., 2009; Lim and Kong, 2013; McBride et al., 2005; Till and Cooke, 2009 ) on sprints over 5-40 meters (m) in trained men. These conflicting findings highlight one of the issues associated with the use of a strength exercise in an attempt to potentiate running speed. A bilateral strength exercise such as the back squat may not provide a movement-specific stimulation to the muscles required for maximal running (Yetter and Moir, 2008) . Another issue is the sprint distances used in PAP research. Due to the nature of the games played, most team sport athletes have a greater need for speed over short distances (i.e. acceleration) (Lockie et al., 2011) . The selection and intensity of these exercises may be different for potentiating sprint acceleration (i.e. 0-20 m sprints), as opposed to maximal velocity sprinting (i.e. 30-40 m sprints) (McBride et al., 2005; Yetter and Moir, 2008) .
As a result of these collective studies, more dynamic activities have also been used in an attempt to potentiate sprinting. This relates to the notion that to invoke a PAP response, the two exercises should be biomechanically similar (Crewther et al., 2011; Guggenheimer et al., 2009) , with regards to the movement technique, magnitude and direction of force required within the task (CuencaFernandez et al., 2015) . Plyometrics are a group of exercises that could provide an appropriate preload to potentiate sprinting. Certain jumps (e.g. bounding) provide movement specificity to sprinting, while also adding an increased overload via high ground reaction forces (Mero and Komi, 1994) . There have been some investigations into whether plyometric exercises can potentiate sprinting. Till and Cooke (2009) found that 5 tuck jumps slightly improved 0-10 m and 0-20 m sprint times 4-6 minutes (min) after the intervention in male soccer players, but changes were not significantly different when compared to a control or 5RM deadlift condition. Accordingly, Till and Cooke (2009) suggested that performing only 5 tuck jumps may not provide the necessary intensity to potentiate sprint performance. This idea is supported by McBride et al. (2005) , who found that 3 jump squats performed with 30% of the 1RM (JS30) recorded for the back squat was not sufficient to significantly potentiate 0-10 m and 0-40 m sprint times 4 min post preload in male Division III football players. The load was much lower than that typically used for the back squat in complex pairs used to invoke PAP (i.e. 30% 1RM vs. 70-91% 1RM), a greater volume of jumps may be necessary. Turner et al. (2015) documented that 3 sets of 10 alternate leg bounds (ALB; 5 bounds each leg) enhanced 10-m sprint velocity after 4 min of recovery in trained men. Plyometric exercises could require a higher volume to potentiate sprint performance when compared to strength exercises. However, this requires further investigation in females. This is true for both a general plyometrics exercise such as the loaded JS, in addition to a specific movement like the ALB. Therefore, this study involved a pilot case analysis of the PAP effects of plyometric exercises on speed over 0-5 m, 0-10 m, and 0-20 m within a 20-m sprint in strength-trained females. The exercises utilized were a JS30 (general plyometrics) and ALB (specific plyometrics). The effects of each preload exercise was compared to a control condition (CC), and the individual timing of potentiation for the participants for each strength exercise was also monitored from the immediate completion of the exercise, up to 16 min post. In addition to this, peak power generated during the JS30 was noted to see if there could be a relationship with the degree of potentiation. It was hypothesized that each plyometric exercise would potentiate a 20-m sprint, and this would occur within the time frame of 4-8 min for the participants. This research will provide a preliminary investigation as to the PAP effects of plyometrics on sprint performance in women.
Methods

Participants
Three strength-trained females (age = 23.00 ± 2.65 years; height = 1.61 ± 0.06 m; body mass = 56.40 ± 5.44 kilograms) were recruited for this case analysis. Participants were required to: be currently strength training (≥three hours per week); have a strength training history (≥two times per week) extending over the previous year; be familiar and experienced with plyometrics; not have any medical conditions compromising participation in the study; and be available for all testing sessions. The methodology was approved by the institutional ethics committee. Participants received an explanation of the study, including the risks and benefits of participation, and written informed consent was obtained prior to testing.
Procedures
Four testing sessions were used for this study, which were completed over a three week period (Chiu et al., 2003) . The study design is shown in Figure 1 . All testing was conducted in a teaching gym at the university. At least 48-72 hours separated each testing session, which were completed at the same time of day across the sessions for each participant, depending on their availabilities. Session 1 involved determination of the 1RM for the BS (from which the load for the JS30 was calculated), and familiarization to the JS30 and ALB. The order of the three PAP testing sessions (CC, JS30, and ALB) were randomized amongst the sample. Participants wore their own rubber-soled athletic trainers for all tests, maintained their normal physical activity and diet for the study duration, and in the 24-hour period prior to any testing session, abstained from intensive exercise. At the start of the first testing session, the participant's age, height, and body mass were recorded. Height was measured barefoot using a portable stadiometer (seca, Hamburg, Germany). Body mass was recorded by electronic digital scales (Tanita Corporation, Tokyo, Japan). Each session featured the same dynamic warm-up, which consisted of 5 min of jogging at a self-selected pace across a sprung wooden floor surface, 10 min of dynamic stretching, and progressive speed runs over 20 m. Following this, and depending on the testing session, participants either progressed into strength testing (session 1), or completed the baseline 20-m sprints (sessions 2-4). 
1RM Back Squat Strength Test
The back squat was used in this research to set the loading for the JS30 (McBride et al., 2005) , and was performed with a standard Olympic bar and plates within a power rack (American Barbell, San Diego, CA). Following the dynamic warm-up, participants performed four specific warm-up sets. Sets were comprised of 10 repetitions at 50% of 1RM, as estimated by the participant, followed by 5 repetitions at 70% of 1RM, 3 repetitions at 85% 1RM, and 1 repetition at 90% 1RM. After the warm-up, the weight was increased by approximately 5%, and participants performed a single repetition. This process continued until the participants were unable to successfully perform a lift, which typically occurred within 5 attempts. Participants were instructed to descend until the tops of their thighs were parallel to the floor before attempting to ascend. This was visually assessed by the investigator, and participants were also given verbal cues on when they were to halt the down phase, and begin the up phase, of the back squat (Lockie et al., 2011) . If the participant did not do this, a failed repetition was recorded and the test was over. The pins were adjusted in the rack and placed as close as possible to the bottom of the final position of the bar. Three min of recovery was provided between attempts, and no knee wraps, weightlifting belts, or other supportive garments were worn by participants. Following determination of the 1RM back squat, participants rested for 10 min (Lim and Kong, 2013) before being familiarized to the JS30 and ALB within the gym setting.
Plyometric PAP Exercises and Protocols
The JS30 was used as the general plyometric exercise, as it has been utilized in previous PAP research (McBride et al., 2005) , and the additional load in the JS30 maximizes power output in females (Kraemer et al., 2001; Thomas et al., 2007) . A standard Olympic bar and plates (American Barbell, San Diego, CA) were used for the JS30, which was performed within a power rack. The PAP protocol for the JS30 was adapted from both McBride et al. (2005) and Turner et al. (2015) . McBride et al. (2005) used 1 set of 3 repetitions to investigate PAP in collegiate football players, and although faster 40-m sprint times tended to follow the protocol, McBride et al. (2005) suggested a higher volume to improve the extent and consistency of the PAP effect. Therefore, 3 sets of 5 repetitions were adopted, to match the volume designated by Turner et al. (2015) for the ALB. Further to this, the protocol of the 3 sets were adapted from Turner et al. (2015) , whereby short recovery periods were provided between each set such that the total duration of the JS30 protocol lasted for approximately 75 seconds (s).
Power was measured during the JS30 by a GymAware Powertool linear position transducer (Kinetic Performance Technology, Canberra, Australia). The transducer featured a spring-loaded retractable cable that passed around a spool integrated with an optical encoder (Drinkwater et al., 2012) . The external end of the cable was attached on the inside of the barbell, and the transducer was then placed on the floor directly underneath the bar, with the magnetic bottom placed on top of a weight plate to ensure the unit did not move during each repetition. The cable provided no additional resistance to the bar, while the encoder recorded the movement of the bar for every 3 millimeters of bar movement, and barbell mass was entered into the software to calculate power output (Drinkwater et al., 2012) . Data for each repetition was collected and stored on an iPad handheld device (Apple Inc., Cupertino, California), before being uploaded to an online database. Data was then extracted from this database. Peak power from within the three sets, in addition to mean power, was recorded. Both of these variables have been found to be reliable when measured by the GymAware Powertool linear position transducer (Drinkwater et al., 2007) .
The ALB has also featured in PAP research (Turner et al., 2015) , and is specific to the actions of the sprint step in that it is an exaggeration of the normal running step, with an emphasis on gaining as much horizontal distance as possible with each projection (Mero and Komi, 1994 ). An additional load was not used for the ALB, as it is not required in the ALB to potentiate sprinting (Turner et al., 2015) . The technique used for the ALB was adapted from Turner et al. (2015) . Following a 3-step run-up, participants were instructed to push-off with one foot (the participants self-selected their preferred push-off leg), and then flexed at the hip with the opposing leg while swinging it forward until the thigh was approximately parallel to the ground, with the knee flexed to approximately 90°. Upon landing with this leg, the initial take-off leg cycled forward with the same action, and this continued until 5 contacts were completed for each leg. After completion of the 10 total bounds, participants walked back to the start and completed the next set, until 3 sets were completed. The duration of the ALB protocol was approximately 75 s (Turner et al., 2015) .
PAP Assessment
The same dynamic warm-up from the first two sessions was performed at the start of each PAP testing session. Following the dynamic warm-up, each PAP testing session also involved the performance of a single 20-m sprint at 4 min before and 2 min before the PAP condition (Crewther et al., 2011) . These two sprints were averaged and set the baseline for the sprints following the strength sets. 20-m sprint time was recorded by a timing lights system (Fusion Sports, Coopers Plains, Australia). Gates were positioned at 0 m, 5 m, 10 m, and 20 m, at a height of 1.2 m and width of 2.5 m, to measure the 0-5 m, 0-10 m, and 0-20 m intervals. Sprints over 5 m (Crewther et al., 2011; Lockie et al., in press; Lockie et al., 2015) , 10 m (Crewther et al., 2011; Gabbett, 2007; Lockie et al., in press; Lockie et al., 2015; McBride et al., 2005) , and 20 m (Gabbett, 2007; Lockie et al., 2015; Till and Cooke, 2009 ) have been used in the assessment of running speed in female athletes and PAP research. Participants began the sprint from a standing start 50 centimeters behind the start line to trigger the first gate, and were instructed to maximally sprint through all timing gates. Time for each interval was recorded to the nearest 0.001 s.
Two minutes after the second 20-m sprint, participants completed one of three conditions: CC, JS30, or ALB (Figure 1 ). The order of the PAP testing sessions was randomized amongst the three participants. The CC involved the participant having 4 min recovery in a seated position after the dynamic warm-up (Till and Cooke, 2009 ). The other PAP testing sessions involved the participants performing either the JS30 or ALB immediately after the dynamic warm-up. Following the PAP condition, participants completed a 20-m sprint at the following time points: ~15 s, and 2, 4, 8, 12, and 16 min (Crewther et al., 2011; Turner et al., 2015; Whelan et al., 2014) . Following established research, a single sprint was performed at each time interval (Lim and Kong, 2013; Rahimi, 2007; Turner et al., 2015; Whelan et al., 2014) . Participants were seated between each trial to reduce any effects of fatigue (Crewther et al., 2011) , and were not told what their sprint times were to eliminate the influence of feedback. To determine any potentiation effects, the post-test sprints were compared to the baseline sprints according to the following formula: % Potentiation = Potentiated Variable (sprint performed at either ~15 s, 2, 4, 8, 12, and 16 
min) ÷ Unpotentiated
Variable (average baseline sprints) x 100. Percent potentiation equal to 100% equaled no potentiation, greater than 100% indicated PAP, and less than 100% indicated post-activation depression (fatigue) (Chiu et al., 2003) .
Statistical Analysis
No statistical analysis could be performed during this study due to the nature of the case study (n = 3), which has occurred previously in published literature (Čoh et al., 2009; Čoh et al., 2006; Gir¢n et al., 2012; Lovell et al., 2012; Puiu, 2014) . However, as per previous case analysis research (Čoh et al., 2009; Čoh et al., 2006) , a descriptive analysis for each participant was conducted. Data for each PAP sprint at all time points were recorded, as well as percent potentiation. As stated, peak and mean power from the JS30 for each participant was also noted.
Results
The peak and mean power recorded from the JS30 for each participant is presented in Table 1 . Participant 3 generated the highest peak and mean power, followed by Participant 2 and then Participant 1. The sprint data from baseline through each time point for all participants is shown in Table 2 , while the percent potentiation data is displayed in Figure 2 
Discussion
Recent studies have investigated the use of plyometrics as a means to potentiate sprint performance (McBride et al., 2005; Till and Cooke, 2009; Turner et al., 2015) . Despite the popularity of structuring exercise programs in an attempt to invoke the PAP response in athletes (Hodgson et al., 2005; Robbins, 2005; Tillin and Bishop, 2009; Wilson et al., 2013) , there has been limited analysis of this specifically in females (Duthie et al., 2002; Faigenbaum et al., 2006; Pääsuke et al., 2007; Sygulla and Fountaine, 2014; Witmer et al., 2010) . Furthermore, there has been no investigation of the effects of plyometric exercises on running speed in females. This study provided a preliminary case analysis of the effects of the JS30 (McBride et al., 2005) and ALB (Turner et al., 2015) in three strength-trained females. The results indicated potential for the use of the JS30 and ALB to potentiate speed over 5 m, 10 m, and 20 m. However, practitioners should be aware that even within the small sample from this pilot study, there were clear indications of individual responses to the conditioning exercises.
There is general agreement within the PAP literature as to the benefit of an athlete's strength training background for invoking PAP in power-based actions (Chiu et al., 2003; Duthie et al., 2002; Ruben et al., 2010; Seitz et al., 2014; Suchomel et al., 2016; Sygulla and Fountaine, 2014; Wilson et al., 2013) . Indeed, stronger males in a back squat (Seitz et al., 2014) and ballistic and nonballistic concentric-only half-squats (Suchomel et al., 2016) experienced greater increases in squat jump performance following the use of these as potentiating exercises. It stands to reason that when using plyometrics exercises to invoke a PAP response, a more powerful individual could be better positioned to experience these effects. Interestingly, within this case analysis, the two more powerful participants (Table 1) tended to experience more improvements at more time points following the JS30 and ALB (Table 2 and Figure 2 ). This suggests power could have an influence on the sprint potentiation experienced following plyometric exercises. Future investigations of PAP, plyometrics, and sprinting should attempt to confirm this relationship and document the influence that greater power has on power-based actions such as sprinting. This is especially true in regards to the magnitude and timing of the PAP response.
Although the sample size in the current study precluded the use of statistical analysis to compare the CC, JS30, and ALB, there are some important points that can be noted from the percent potentiation results (Figure 2) . The enhancements to sprint performance tended to be small, ranging from 1-4% across all three participants and the three conditions. However, these are similar to those noted in the literature across a range of populations (Bevan et al., 2010; Chatzopoulos et al., 2007; Crewther et al., 2011; Evetovich et al., 2015; Guggenheimer et al., 2009; Lim and Kong, 2013; Linder et al., 2010; McBride et al., 2005; Rahimi, 2007; Smith et al., 2014; Till and Cooke, 2009; Turner et al., 2015; Whelan et al., 2014; Yetter and Moir, 2008) . This provides a strong context for the current case analysis. What is also important to note is that each of the three participants experienced sprint performance enhancements following rest within the CC. As the three conditions were not statistically compared to ascertain any significant difference in potentiation, it cannot be categorically stated that a JS30 or ALB can enhance sprint acceleration performance any more than rest from the CC. Nevertheless, there are several important observations that can be made from the data in this study.
Much like previous PAP research (Bevan et al., 2010; Crewther et al., 2011; Evetovich et al., 2015; Lim and Kong, 2013; Till and Cooke, 2009; Turner et al., 2015; Whelan et al., 2014) , it was evident that there were individual responses to the conditioning exercises. The timing and extent of the potentiating effects of the CC, JS30, and ALB varied across the three participants. Participant 1, the least powerful individual (Table 1) , experienced more positive changes to speed following rest in the CC (Table 2 and Figure 2) . Additionally, although the potentiation for the 0-5 m interval following the JS30 occurred within what is considered the optimal PAP window of 7-10 min (Wilson et al., 2013) , this was not the case for the ALB. The 0-5 m and 0-10 m sprint intervals were potentiated immediately after completion of the ALB for Participant 1, implying that the bounding potentially served as a warm-up for sprinting over 10 m (Needham et al., 2009; Smith et al., 2014) . Participant 1 also experienced no changes to the 0-20 m interval following the JS30 and ALB. As a 20-m sprint places a greater importance on elastic energy use versus the initial acceleration period (Kraemer et al., 2000) , an individual who does not perform as well in exercises that heavily stress the stretch-shortening capacities of the muscles (e.g. JS30 and ALB) may not experience PAP over this distance.
Participants 2 and 3 generated greater JS30 peak and mean power when compared to Participant 1, by 12% and 9%, and 38% and 38%, respectively (Table 1) . Accordingly, a range of sprint enhancements were noted for these participants, across a range of time points. Following the JS30 and ALB, there were positive changes to sprint times within the optimal time window of 7-10 min (Wilson et al., 2013) , which can be seen in Table 2 . However, sprint performance enhancements for the 20-m sprint were also observed at times outside this time window for both Participants 2 and 3 (Table 2 and Figure 2 ). In addition to this, there were also positive changes to sprint times following the CC for both participants. As previously stated, the sample size and pilot study focus precluded ascertaining whether changes to 20-m sprint performance were statistically different across the PAP conditions. Nonetheless, the study data provide encouraging results for the use of plyometric exercises such as the JS30 and ALB to potentiate sprinting speed in females, especially for more powerful individuals. The preliminary results from this case analysis also support the assertions of Nibali et al. (2015) , who affirmed that it was important for the practitioner to determine the individual response for each athlete within their squad or team.
There are certain limitations to this case analysis that should be stated. Firstly, the small sample size (n = 3) meant that this research could only provide a pilot case analysis. Future research should use a larger sample size so that the JS30 and ALB can be compared to a CC, such that it can be determined whether they can provide statistically significant changes to sprinting speed in females. Only two plyometric exercises were investigated in this study, and there are a great range of jumps (e.g. hopping, bilateral bounding, loaded ALB) that could be used to potentiate sprinting in females. While the participants in this study were strength-trained, they were not elite athletes, and high-level female athletes may respond different to plyometrics used to potentiate speed. Nevertheless, this preliminary analysis provided results that suggest potential benefits to using the JS30 and ALB as potentiating exercises for sprinting in females, especially for more powerful individuals.
Conclusion
The results from this preliminary case analysis indicate that the sprinting speed of females over 0-5 m, 0-10 m, and 0-20 m can be potentiated by plyometric exercises such as the JS30 and ALB. Whether this is significantly different from a PAP condition of rest provided by a CC cannot be confirmed by this study, but the pilot results provide encouraging data for the practitioner. In addition to this, more powerful females may potentially benefit more from using plyometrics to potentiate sprinting. Lastly, there are clear individual responses to the use of the JS30 and ALB in the females from this study. The practitioner should be aware of this, and carefully monitor the timing and magnitude of PAP responses in their athletes if they use plyometrics in an attempt to potentiate sprint performance in females.
